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A protective system for protecting elements (for exam-
ple D) of an electric power system allocates a protec-
tion zone to each element. The protection zones are
defined by switching points (for example 19, ..., 24')
which 1solate the associated element (for example D)
from the power system. Each of these switching points
is associated with a transmitter/actuator unit (for exam-
ple 19, . . ., 24). The transmitter/actuator units (for
example 19, ..., 24) produce “open” commands for
their associated switching points (for example 19, ...,
24") if 1t 1s determined that a fault has occurred inside
the associated protection zone. The “open” commands
for the switching points (for example 19, ..., 24') are
formed locally within the vicinity of each of the switch-
ing points. This 1s realized by the transmitter/actuator
units (for example 22) which contain two evaluating
units (for example 22D, 22L.8) which are respectively
allocated to different protection zones, and in that all
evaluating units allocated to one protection zone (for
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ZONE PROTECTIVE DIRECTIONAL RELAY
SCHEME

BACKGROUND AND SUMMARY OF THE
INVENTION

The invention is directed to a protective device for an
electric power system.

The invention relates to a system as described, for
example, in Auslegeschrift No. 112,562 of the German
Democratic Republic. In the known protective device
for electric power systems, the individual objects to be
protected can be isolated, in the event of a fault, via
switching points constructed of circuit breakers. The
faults occurring are in this case detected by fault-direc-
tion-oriented protection instruments. If a fault occurs
within a protective zone which is allocated to the object
to be protected and which 1s essentially determined by

the switching points isolating the object to be protected
from the power system, a centralised evaluating unit
allocated to this protection zone provides switching-off
commands to the switching points.

The invention as characterised in the claims achieves
the objective of creating a protective device of the
generic type, in which device the switching-off com-
mands to the switching points of a protection zone are
in each case formed locally in the vicinity of each of

these switching points.

The protective device according to the invention 1s
particularly characterised in that each switching point 1s
assoclated with a transmitter/actuator unit, which
transmitter/actuator units communicate with each
other at the same hierarchical level. This provides de-
centralised operation of the protective device according
to the invention, resulting 1n high availability and re-
dundancy.

The 1nvention 1s explained below in greater detail
with reference to the drawing, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a section of a basic circuit diagram of
an energy-distribution system.

FIG. 2 shows a section of the basic circuit diagram
according to FIG. 1 in which a protective device, in
accordance with the invention which comprises trans-
mitter/actuator units, is added.

FI1G. 3 illustrates a transmitter/actuator unit of the
type specified in FIG. 2.

FIG. 4 shows a communication network of a protec-
tive device according to the invention which comprises
transmitter/actuator units, evaluating units and local
and remote data links.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The energy distribution network of FIG. 1 shows
two voltage levels.

The first voltage level contains objects to be pro-
tected, such as busbars A and B, lines L, L7, L3 and
generators Gj and G3 and the associated generator-
transformers. This voltage level 1s connected to an adja-
cent power system Nj.

The second voltage level consists of busbars C;, C,,
D, E;, E;zand F, lines and cables L4, L5, Lg, L7, Lg, Lo,
Lijpand L and a generator G> and 1ts associated gener-
ator-transformer (without generator switch). This volt-
age level 1s connected to an adjacent power system Nbs.
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2

The voltage levels are linked by transformers T, T2
and T3. In this arrangement, transformer T3 1s a three-
winding transformer. The tertiary winding of T3 1s con-
nected to a reactive-power compensator S (rotating or
static). Another three-winding transformer 14 1s con-
nected to two further power systems N3 and Naj.

The lines Ls and L¢ and Lg and Lo 1n each case form
a double-circuit hne and two systems having the same
rated voltage on the same tower. Lines L3 and Ljg are
carried in paraliel over the entire length of Lip on the
same tower and form a double-circuit line having differ-
ent rated voltages.

The busbars C; and C, are constructed as dual bus-
bars in which each branch, as for example transformers
T and T» and the hnes L4, Lsand L¢, can be optionally
connected to each of the two busbars via isolating
switches (shown as circles 1n the Figure). C; and C; are
linked by a switching point 16’ constructed as a tie
switch. The busbars E; and E; form a 13 switch system
i which one group each of two branches, such as L4
and T4 or Lyand G> or Lgand L. are connected via, in
cach case, three switching points 25°, 28', 31" or 26/, 29/,
32" or 27, 30°, 33, constructed as circuit breakers, be-
tween busbars E; and E-s.

This energy distribution system 1s divided into pro-

tection zones. Each of these protection zones is allo-
cated to an object to be protected, for example to gener-

ator G or to busbar A. The boundaries of each protec-
tion zone are marked 1 FIG. 1 by thin and straight
lines. The boundaries of the protection zones can be
freely selected in accordance with the requirements of
selectivity by a suitable arrangement of switching points
1,2,...,39, 40" (FIG. 2) on links between the individ-
ual objects of the energy distribution system or at its
links to other system parts such as, for example, Nj or
N2. The boundaries of the protection zones can be fixed
or can be determined by the mimic diagram (isolator
diagram) in accordance with current topology as, for
example, 1n the case of protection of the busbars Ci and
C,. Thus, for example, the 1solator settings determine
the boundaries of the protection zone, for example, 1n
the case of busbars C; and C;. In this arrangement, it is
also possible that busbars are additionally further subdi-
vided by sectionalising switches or ties.

The protection zones can also be hierarchically
nested so that mter-system faults can also be selectively
detected. For example, the double-circuit Iines Ls/Lgor
Lg/Lg or L3/Lig can be associated with higher-level
protection zones which in each case comprise two pro-
tection zones of Lsand Lgorof Lgand Loor Lyand Ljg
and provide the possibility of phase-selective discon-
nectionn of faults between two lines located on the same
tower.

A switching point 1s provided exactly at the transi-
tions from one protection zone to another, for example
the switching point 4’ at the common boundary of the
protection zones of line L.; and busbar A. The protec-
tion zone of line L} 1s thus placed adjacent to the protec-
tion zone of busbar A. Each protection zone ts limited
by the switching points located in the links between the
object located in the protection zone and the adjacent
protection zones. For example, the protection zone
allocated to busbar D 1s limited by switching points 19,
20°, 21', 22', 23’ and 24’.

Each switching point 1°, 2°, . . ., 40’ is associated with
a transmitter/actuator unit, not shown in FIG. 1, which
primarily has the objective of determining fault-direc-
tion signals from current and voltage measurements at
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the switching point and, if necessary, providing a trip
command to the associated switching point. The trans-
mitter actuator units of switching points 1', . . . , 40" are
essentially constructed in the same manner.

In FI1G. 2, the transmitter/actuator units 19, 20, 21,
22, 23, 24, 27 and 30, which are allocated to the switch-
ing points 19’, 20°, 21', 22/, 23, 24', 27" and 30’ determin-
ing the protection zones of the busbar D and of the line
Ls, respectively, are shown as representatives for these
transmitter/actuator units. Switching point 22' forms
the boundary between the protection zones mentioned.

Each of the transmitter/actuator units 19, 20, 21, 22,
23, 24, 27 and 30 shown in FIG. 2 contains measure-
ment-value transmitters (represented by non-referenced
transducer symbols) for current and voltage signals
directly in front of switching point 19’, 20°, 21', 22', 23/,
24’, 27 and 30’ and an actuator (represented by an ar-
row) which acts on the associated switching point. In
addition, each of the transmitter/actuator units 19; 20;
21; 22; 23; 24; 27 and 30 successively contams in each
case exactly two evaluating units 1916, 19D; 20135,
20D; 2117, 21D; 22D, 22L8; 23D, 23L9; 24D, 241.10;
27E1, 27L8 and 30L8, 30L11. These evaluating units
are connected via local data links N, in continuous lines,
and/or via remote data links F, in dashed lines, to all

‘transmitter/actuator units allocated to the switching

points of a protection zone. Thus, for example, the eval-

uating units 21D, 20D, 19D, 22D, 23D, 24D of the
transmitter/actuator units 21, 20, 19, 22, 23, 24 of the

- switching points 21’, 20’, 19', 22', 23', 24’ allocated to

- busbar D are linked to each other via local data links N

whereas the evaluating units 221.8 and 30L8 of the
...transmitter actuator units 22 and 30 of the switching

points 22’ and 30’ allocated to line L8 are linked with
each other via a remote data link F and only the evalu-
ating units 2718 and 30L8 of the transmitter/actuator

.units 27 and 30 of the switching points 27" and 30" allo-
.~ cated to line Lg are hinked with each other via a local

P

.. data link N.

In FIG. 3, the transmitter/actuator unit 22 1s ex-

.. plained in greater detail unit 22 is representative of all

~transmitter/actuator units constructed 1n the same man-

ner. Unit 22 contains a protective device DR (in dashed
lines) having mmputs which are connected phase by
phase to the signal outputs of a current and a voltage
transformer CT and VT, the two evaluating units 22D
and 2218, a current sensing unit SU, a data hnk (sym-
bolically designated as switch §’) which can be acti-
vated and is placed between the two evaluating units
22D and 22L8, and data links Vpg and Vcs.

In this arrangement, the measuring points of current
and voltage tranformers CT and VT are connected 1n
series with switching point 22’ into the link between
busbar D and line Lg. These measuring points can also
be interchanged with respect to the position drawn 1n
FIG. 3.

The boundary of the protection zone is established by
the position of the current transformer CT. The path Z
between the switching point 22' and the measuring
point of the current transformer CT 1s called the *“dead
zone—+. ' |

The protective device DR is a fault-direction detec-

tor. The fault-direction detector DR has the objective

of detecting a fault, indicating the phase concerned and
the direction of this fault with respect to the observation
point, that is to say with respect to the measuring loca-
tion (current and voltage transformer). For this pur-
pose, it is necessary to measure current and voltage
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locally for each phase before and during the occurrence
of the fault. Evaluation is carried out by suitably com-
bining these measured values. In the fault-direction
detector used in this case, step signals of current and
voltage are formed by forming the difference, from
which step signals the direction of the fault location in
the phase concerned can be determined with respect to
the measuring point with the aid of an arithmetic unit
built into the fault-direction detector. The construction
and operation of such fault-direction detectors are
known, for example, from Swiss Auslegeschnft No.
5,642,491 and from European Patent Auslegeschrift No.
10,084,191. However, other valuation methods are also
possible such as, for example, voltage-polarised over-
current relays, relays with a combination of overcurrent
and short-circuit power direction features or distance
relays.

To have a specific measurement orientation in the
transmitter/actuator units, the sequence in which the
switching point, for example 22', voltage transformer
VT and current transformer CT are connected in series
into the link between two objects, for example D and
Lg, are defined as the measurement orientation m (see
FIG. 3).

The local data link V pg provided in each of the trans-
mitter/actuator units, for example 22, causes data to be
moved from the fault-direction detector DR to the two
evaluating units, for example 22D and 22L8, the trans-
mitter/actuator unit concerned, for example 22, and the
local data link Vp causes data to be moved from the
two evaluating units, for example 22D and 2218, and an
actuating member, not shown, of the associated switch-
ing point, for example 22" .

Each of the evaluating units, for example, 22D, is
effectively connected via V pg to the protective device
DR and, via the local data link N and/or remote data
link F to the other transmitter/actuator units, for exam-
ple 19, 20, 21, 23 and 24 of a protection zone, for exam-
ple of busbar D. The effective connection to the other
transmitter/actuator units, for example 19, can be estab-
lished directly via a data link, for example, N, so that
individual messages from the transmitter/actuator unit
concerned, for exampie 19, are received, but it can also
be established indirectly, for example via local data link
N and/or remote data link F and at least one further
transmitter/actuator unit, for example 19, 20 (see FIG.
2). The evaluating unit then receives from the adja-
cently arranged transmitter/actuator unit, for example
19, group messages which contain information 1tems on
the state of transmitter actuator units, for example 20, 21
which are effectively connected to the transmitter EM
only via the adjacently arranged transmitter/actuator
unit, for example 19. Each of the evaluating units, for
example 22D is effectively connected via Vp to the
switching point, for example 22', which 1s allocated to
its transmitter/actuator unit, for example 22, and di-
rectly or indirectly via the local data link N and/or
remote data links F to the other transmitter/actuator
units, for example 19, 20, 21, 23 and 24 of a protection
zone, for example of the busbar D.

The following binary signals can be transmitted via
the local data links Vg and V pg: |
Switching point status (open/closed, ready for opera-

tion not ready for operation (diagnostic)),

Status of protective devices DR (functional/non-func-
tional (self-diagnosis in progress)),

Report as to whether voltage 1s applied to the measur-
ing point,
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Direction decision of the protective device DR con-
structed as fault-direction detector: fault in orienta-
tion of measurement, opposite to orientation of mea-
surement, undecided, |

Opening command to switching point,

Execution report of switching point opening (possibly
supplemented by back-up switch protection),

Messages sent by a current-sensing unit SU whether the

current at the measuring point has dropped to zero (if

switching point open and current not equal to zero at

the measuring point, a unilaterally supplied fault is

present in the “dead zone™),
Switching-on commands to the switching point (recon-
nection).

FIG. 4 shows a communications network of a protec-
tive device according to the invention. This communi-
cations network displays largely the same topological
configuration as the energy distribution system to be
protected which is shown in FIG. 1. The transmitter-
/actuator units are designated by reterence FI1GS. 1,2 .
.., 39, 40. Each transmitter/actuator unit, for example,
3, are associlated with exactly two evaluating units, such
as, for example, 3G1, 3A. Allocation 1s carrted out via
local data links between all evaluating units of all trans-
mitter actuator units which are arranged at the bound-
aries of the protection zone of an object to be protected.
If the object to be protected 1s, for example, busbar A,
the assoctated evaluating units 3A, 4A, 7A and 8A are
linked with each other by local data links. According to
FIG. 2, the relevant local data links are shown as con-
tinuous lines also mm FIG. 4.

In the case of busbar A, the transmitter/actuator units
3,4, 7 and 8 are located close together in a substation.
However, it 1s also conceivable that the protection zone
1s geographically dispersed as 1n the case of a hline, a
cable or with extended switching systems (distance
between the transmitter/actuator units greater than
several hundred meters). At each of the ends of such an
object to be protected, which can be an overhead line,
a cable or an extended switching system, for example
L3, Lg, Loor Ljg, one evaluating unit, for example 1013
and 36L.3; 2218, 271.8 and 30LS8; 23L.9, 261.9 and 2919
or 241.10 and 35L.10 are arranged. The evaluating units
of each object cooperate via remote data links. Accord-
ing to FIG. 2, the subject remote data hnks F are shown
in dashed lines. See also FIG. 4.

In cases in which faults can occur between two ob-
jects to be protected, for example between lines L5 and
Le, Lgand Lo or Lo and L3, the associated evaluating
units must be matched to each other. This 1s possible by
additional data links generally constructed as local

links. Such hinks are provided, for example, between
1SLS and 18L.6, 20L5 and 1916, 2218 and 2319, 27L8

and 26L.9, 35L.10 and 361.3 and 241.10 and 10L3.

The local data links N can be optionally constructed
as a bus system or permanently installed conductors
(point to point links). In FIG. 4, for example, the evalu-
ating units 4A, 3A, 7A and 8A are hnked with each
other by means of a bus system but the evaluating units
5B, 6B, 9B and 10B, in contrast, are linked with each
other by point to point links. If the requirements on the
redundancy of the data links are lower, individual links
between 5B, 6B, 9B and 10B can also be omitted, leav-
Ing a tree structure, or can be activated only if tree
branches fail. |

The remote data links F can be, for example, optical
waveguides (polytetrafluoroethylene), cable cores, di-
rectional radio or carrier-frequency links.
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It 1s sufficient if at least one unsecured (fast) transmis-
ston link 1s available since then a directional criterion
determined by the protective device DR can be trans-
mitted in case of a fault. But if back-up functions are
also to be provided, a secured (slow) link must also be
provided for transmitting a direct or indirect switching-
off command.

The local data links N and remote data links F trans-
mit the following signals:

(1) All transmitter/actuator units involved indicate a
fault direction to the object to be protected (global
message) or at least one transmitter/actuator unit
involved indicates fault direction from the object
to be protected or 1s undecided, faulty and so forth

and/or

a specified group within the transmitter/actuator
units involved indicates a fault direction to the
object to be protected (group message) or at least
one transmitter/actuator unit involved from this
specified group indicates fault direction from the
object to be protected or is undecided, faulty and
so forth. The specified group can be different for
each data link within the protection zone. The
specified group can also comprise only one trans-
mitter/actuator unit (single message).

(2) The signals described in the preceding paragraph
(1) can also be represented in complementary or

other forms 1in accordance with Boolean algebra
rules.

(3) Dead-zone detection signals

(4) Back-up switch signals

(5) All signals transmitted by data links Vpgr and Vg
can also be transmitted by local data links N and
remote data links F either individually or in a suitably
preprocessed form.

The signals specified in the above list are of a binary
character.

The protective device according to the invention
operates as follows:

Each evaluating unit has the objective of detecting
faults and identifying the location of faults inside or
outside the protection zone of one of the objects on the
basis of the information of the protective device DR of
the associated transmitter/actuator unit and the incom-
ing information from the remaining transmitter/actua-
tor units of a protection zone and, if necessary, tripping
its respective switching point.

In this context, means are suitably provided 1n each
evaluating unit for blocking the evaluating unit in the
case of switching actions within the protection zone
since it must be assumed that the protective device DR
may not possibly be able to differentiate between signals

caused by faults and signals caused by switching ac-
tions.

The evaluating unit, for example 22D, receives the
signals arising from the associated protection device
DR and the remaining evaluating units, for example
19D, 20D, 21D, 23D, 24D associated with a protection
zone. By way of example busbar D combines these
signals (normal operation of the transmitter/actuator

‘unit with a data flow marked by directional arrows in

FIG. 3). If the fault has been recognized as being lo-
cated inside the common protection zone after evalua-
tion of all direction signals of the protective devices
DR, taking into account the measurement orientation m
of the transmitter/actuator units, a signal 1s locally emit-
ted which opens its own switching point, for example
22'. The same 1s true for evaluating units 19D, 20D,
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21D, 23D and 24D with respect to switching points 19’,
20°, 21', 23’ and 24'. In the tripping case, each current-
sensing unit SU monitors whether the currents of cur-
rent transformers CT of the associated measuring point
have become zero after an expected period associated
with switching points, for example 22, 24’ of the trans-
mitter/actuator units, for example 22, 24, has elapsed.
This is reliably the case if the fault is located inside the
protection zone concerned, neglecting a ‘“‘dead zone”
between the current transformer of the measuring point
‘and the switching point.

As can be seen from FIG. 3, at each of the transmit-
ter/actuator units, for example, 22, a *‘dead zone” is
located between current transformer CT of the measur-
ing point and the switching point, for example 22'. As a
result, in case of a fault, the direction relay DR of the
subject transmitter/actuator unit recognizes the fault,
shown by a zig-zag arrow, identifying it as for example
an earth leak or a short circuit, and as being located
opposite to the measurement orientation m. Assume
that transmitter/actuator unit 22 is arranged, for exam-
ple, in such a manner that its associated switching point
22' is connected to busbar D and 1ts associated measur-
ing point is connected to line Lg (direction arrow m of
the transmitter/actuator unit 22 in FIG. 3). If a fault
occurs in the dead zone located between the switching
point and the measuring point of this unit, the evaluat-
ing units 19D, 20D, 21D, 22D, 23D, 24D will recognize
. this fault as being located inside the protection zone
delimited by switching points 19°, 20", 21", 22’, 23’ and
="24' and evaluating units 2218, 27L.8 and 30L8 will rec-
“ognize it as being located outside the protection zone
- delimited by switching points 22, 27', 30'. Evaluation

units 19D, 20D, 21D, 22D, 23D and 24D cause the
switching points 19’ to 24’ associated with the transmit-
ter/actuator units 19 to 24 to open and busbar D 1s
- 1solated even though the remaining system 1s still faulty
--1n line Ls.
-~ The current-sensing unit SU provided in transmitter
“wactuator unit 22, however, detects that the fault current

-#.1n the transmitter/actuator unit 22 has not disappeared

~despite the open switching point 22, It then forms a
dead zone detection signal t; which acts via a data hnk
VR, evaluating unit 22D and local data links N to
23D, 19D etc. on the remaining transmitter/actuator
units 19, 20, 21, 23 and 24 in which the fault current has
disappeared. As a result, the above mentioned transmit-
ter/actuator units reclose their associated switching
points 19°, 20°, 21', 23’ and 24'. Thus, the current-sensing
unit SU 1n 22 also detects that the fault 1s in the ““dead
zone” of 1its own transmitter/actuator unit and forms

another dead-zone detection signal t; which, via a data

link V g,t3, evaluating unit 2218 and remote data link F
and local data link N, causes evaluating units 271.8 and
30L8 to open switching points 27" and 30’ associated
with transmitter/actuator unit 27 and 30. As a resuit,
line Lg connected to the faulty “dead zone” 1s 1solated.

It is conceivable that a fault occurs in the “dead
zone” when the switching point, for example 22’ of a
transmitter/actuator unit, for exampie 22, is open (see
FIG. 3). The pre-fault condition under which such a
fault can occur is characterized by three signals desig-
nated “switching point open”, “measuring point under
voltage” and “current at the measuring point equals
zero”’. These signals are evaluated in two evaluating
units, for example 22D and 2218 of the associated trans-
mitter/actuator unit, for example 22. In the evaluating

unit of the protection zone located in the direction of

10

15

20

25

30

35

40

45

50

35

60

65

8

the measurement orientation m of the transmitter/ac-
tuator unit, for example 22, for example that of line L,
the direction signal of DR is then evaluated 1n the oppo-
site sense (reversal of direction) and this direction signal
is suppressed (blocked) in the other evaluating unit, for
example 22D.

If then, when a fault occurs in the “dead zone” for
instance of transmitter/actuator unit 22, the associated
switching point 22’ is already opened, the fault direction
detector DR associated with the transmitter/actuator
unit 22 reports that a fault has occurred in the protec-
tion zone allocated to busbar D whereas the fault direc-
tion detectors contained in the transmitter/actuator
units 19, 20, 21, 23 and 24 do not specify any fault direc-
tion at all since, of course, the switching point 22’ lo-
cated between the busbar D and, therefore, transmitter-
/actuator units 19, 20, 21, 23 and 24 and the fault loca-
tion 1s open.

If the direction signal from protective device DR 1n
the evaluating unit 22D is blocked, units 19D and 24D
are prevented from responding. An inversion of the
same direction signal in evaluating unit 2218 causes the
fault to be recognized as being located in the protection
zone of line Lg and evaluating units 2718 and 30L8
provide tripping signals to their switching points 27 and
30 which causes line L.g connected to the faulty “dead
zone” to be 1solated.

The protective device according to the invention also
makes it possible to implement back-up switch protec-
tion. If a switching point associated with a transmitter
actuator unit fails, the current-sensing unit SU of this
transmitter/actuator unit detects, in the case of a fault,
that the current does not drop to zero in the transmitter
actuator unit although the transmitter/actuator unit has
formed a command for opening the switching point.

In relation to switching point 22’ if, for example, a
fault is present on line Lg, the fault is detected by trans-
mitter/actuator units 22, 27 and 30 and evaluated in the
associated evaluating units 22L8, 27L8 and 30L8. Eval-
uating units 27L8 and 30L8 supply the tripping com-
mands for opening switching points 27 and 30" to 27
and 30, respectively. Unit 22L8 provides 22 with the
tripping command for opening switching pomnt 22
However, switching point 22' may not open and the
current in current transformer CT of 22 may not drop
to zero after the natural period of the switch (indepen-
dently of the acknowledgement by auxiliary contacts of

the switch of the switching point).

This switch failure i1s detected by SU m 22. SU
supplies via the local data links Vg,t1 and Vg,t; a back-
up switch signal R to the evaluating units 22D and
221.8. 22D passes the back-up switch signal R via the
local data link N to 19, 20 21, 23, 24, which causes these
switches to trip.

If, in the case of a defective switch of the transmitter-
/actuator unit 22, the fault is located on the busbar D,
the evaluating units 19D to 24D supply tripping com-
mands to 19 to 24. As described before, 22 fails and
reports its failure to 22D and 221.8. 2218, correspond-
ing to 22D, emits a back-up switch signal. 221.8 and
3018 then trip switch positions 27" and 30’

The protective device according to the invention can
be simply constructed in such a manner that even a
failure of the protective device DR and of current-sens-
ing unit SU of a transmitter/actuator unit will not 1m-
pair the protective function. To this end, in each of the
transmitter actuator units, for example 22, a self-mon:-
toring unit SU, shown in FIG. 3, is provided which
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continuously monitors the operational integrity of DR
and SU and reports any failures to the two associated
evaluating units, for example 22D and 22L.8. If DR
and/or SU are non-operational, a data hink located be-
tween the two evaluating units, for example 22D and 5
2218 is activated (switch symbol S’ in FIG. 3) which
connects the two evaluating units together as a result of
which the protection zones of the two relevant objects
to be protected, for example D and Lg, form a common

protection zone. As a result of the protection zones 10

being connected together in this manner, the protective
devices PU do not need to be duplicated.

The operational integrity of the evaluating units, for
example 22D, 2218 within a transmitter/actuator unit
can be ensured through redundancy arrangements (du- 15
plication or 2-of-3 arrangement).

To keep the protective device according to the inven-
tion fully functional even in the case of a failure of the
local data link N and/or remote data link F, these links
are suitably arranged 1n a redundant network. Such a 20
redundant network would then have the characteristic
that, if one of the links 1s interrupted, the signal to be
transmitted reaches its destination via a redundant back-
up hnk. If, for example in the communications network
according to FIG. 4, the remote data link from 1714 to 25
25L.4 and 281.4 were interrupted, the information flow
could be maintained via a back-up line which leads from
1714 via the remote links between 1515 and 20LS and
2319 and 29L.9 to 2514 and 281 4.

What 1s claimed 1s: ‘ 30
1. A protective system for protecting elements of an

electric power system of the type having at least first
and second circuit elements which are to be selectively
isolated from each other and from a remainder of said
power system, said elements being isolatable by at least 35
first, second and third circuit breakers, said protective
system comprising;:

a first transmitter/actuator unit associated with said
first circuit breaker, at least one second transmitter-
/actuator unit associated with said second circuit 40
breaker, at least one third transmitter/actuator unit
associated with said third circuit breaker;

at least one first data link for connecting said first and
sald second transmitter/actuator units;

at least one second data link for connecting said first 45
and said third transmitter/actuator units: o

each one of said transmitter/actuator units including:
means for measuring a fault current flowing

through 1its respective circuit breaker;
fault-direction detecting means for detecting direc- 50
tion of said fault current with respect to a first
protection zone which protection zone is defined
by selected ones of said circuit breakers of said
protection system which are associated with said
first element, or with respect to a second protec- 55
tion zone defined by another group of selected
ones of said circuit breakers which are associated
with said second element;
first and second evaluation units; a first branched
data link for transmitting output signals from 60

65
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said fault-direction detecting means to said first
and second evaluation units; a second branched
data hnk for transmitting command signals for
opening and closing said circuit breakers;

said first evaluation unit of said first and said sec-
ond transmitter/actuator units being connected
to one another by said first data link, said evalua-
tion units including means for logically relating
outputs from said fault-direction detecting means

and for decoding whether a fault condition is
occurring mnside or outside said first protection
zone; and

sald second evaluation unit of said first transmitter-
/actuator unit being connected to one of said
evaluation units of said third transmitter/actua-
tor unit through said second data link;

said evaluation units receirving output signals from

satd fault-direction means and further including
means for logically relating said output signals to
determine 1f a fault has occurred inside or outside
said second protection zone and means for generat-
ing and transmitting signals for opening said circuit
breakers associated with said second protection
zone when said fault 1s determined to occur inside
said second protection zone.

2. The protective system of claim 1 in which said first
data link comprises a local data link. |

3. The protective system of claim 1 in which said first
data link comprises a remote data link.

4. The protective system of claim 1 in which said
second data link comprises a local data link.

5. A system as in claim 1 wherein each one of said
transmitter/actuator units includes a current sensing
unit having means for detecting the current in 1ts re-
spective one of said elements and for comparing said
current to zero and means for forming a dead-zone
detection signal to cause a respective element to be
connected and another element to be 1solated.

6. The system of claim 5 further comprising a respec-
tive self-monitoring device in each one of said transmit-
ter/actuator units, said self-monitoring device being
effective for reporting a failure of a component of its
respective transmitter/actuator unit.

7. The system as 1n claim 6 wherein said self-monitor-
ing device is effective for reporting a failure in any one
of said fault-direction detecting means, said current
sensing unit, a switching point associated with said
respective transmitter/actuator units, and 1n said evalu-
ating units of said transmitter/actuator unit.

8. The system as in claim 6 further comprising a fur-
ther data link (8') arranged between the two respective
evaluating units of said respective transmitter/actuator
unit, said further data link (S') being effective for receiv-
ing satd fatlure report and for thereafter coupling the
two evaluating units together to form a single evaluat-
ing unit which is effective for operating and communi-
cating with others of said transmitter/actuator units

associated with other protection zones.
% * XK * *
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